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(S)-1-phenylethylaminium 3,5-dinitrosalicylate
Graham Smith,a* Urs D. Wermutha and Jonathan M. Whiteb
aSchool of Physical and Chemical Sciences, Queensland University of Technology, GPO Box 2434, BRISBANE 4001, Australia, 
and bSchool of Chemistry, University of Melbourne, Parkville, 3052, Australia
Correspondence email: g.smith@qut.edu.au
The crystal structure of the 1:1 proton transfer compound of 3,5-dinitrosalicylic acid with the optically active 
amine (S)-1-phenylethylamine, (S)-1-phenylethylaminum 3,5-dinitrosalicylate [(C8 H12 N)+ (C7 H3 N2 O7)-] 
shows the presence of two pseudo-centrosymmetrically related but conformationally different aminum cation and 
carboxylate anion pairs in the crystallographic repeating unit. In these chirally identical (S) cations the protonated 
amine-N gives a number of hydrogen-bonding associations with both carboxyl and nitro oxygens of the acid 
[N···O, 2.835 (4)–3.245 (5) Å]. These, together with peripheral hydrogen-bonding associations and some cation–
anion π–π interactions result in a three-dimensional network polymer structure.
Experimental
Crystal data
(C8H12N)+(C7H3N2O7)− γ = 87.054 (2)°
Mr = 349.30 V = 792.57 (15) Å3
Triclinic, P1 Z = 2
a = 7.5177 (8) Å Mo Kα radiation, λ = 0.71073 Å
b = 9.6277 (10) Å µ = 0.12 mm−1
c = 11.1566 (12) Å T = 293 K
α = 89.008 (2)° 0.25 × 0.15 × 0.10 mm
β = 79.373 (2)°
Data collection
Bruker CCD detector 
diffractometer 3039 reflections with I > 2σ(I)
5055 measured reflections Rint = 0.032
4151 independent reflections
Refinement
R[F2 > 2σ(F2)] = 0.046 H atoms treated by a mixture of independent and constrained refinement
wR(F2) = 0.111 Δρmax = 0.21 e Å−3
S = 0.94 Δρmin = −0.19 e Å−3
4151 reflections Absolute structure: Flack (1983)
485 parameters Flack parameter: −0.3 (13)
3 restraints
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Table 1
Hydrogen-bond geometry (Å, º)
D—H···A D—H H···A D···A D—H···A
O72A—H72A···O2A 0.94 (5) 1.64 (5) 2.467 (5) 145 (5)
O72B—H72B···O2B 0.82 (4) 1.71 (4) 2.483 (5) 157 (4)
N71C—H72C···O2Ai 0.94 (7) 1.98 (7) 2.835 (4) 151 (6)
N71C—H72C···O31Ai 0.94 (7) 2.53 (7) 2.938 (4) 106 (5)
N71D—H72D···O71A 0.96 (8) 2.10 (7) 2.953 (5) 148 (6)
N71D—H72D···O72A 0.96 (8) 2.37 (8) 3.245 (5) 152 (6)
N71C—H73C···O71Bi 0.84 (3) 2.06 (3) 2.864 (4) 162 (3)
N71D—H73D···O2B 0.89 (3) 1.95 (3) 2.830 (5) 166 (3)
N71D—H73D···O31B 0.89 (3) 2.46 (3) 3.004 (5) 119 (3)
N71C—H74C···O31Bii 0.88 (4) 2.22 (4) 3.101 (5) 179 (4)
N71D—H74D···O31Aiii 0.86 (4) 2.49 (4) 3.098 (5) 128 (3)
N71D—H74D···O32Aiii 0.86 (4) 2.41 (4) 3.194 (5) 153 (3)
N71D—H74D···O51Biv 0.86 (4) 2.43 (4) 2.959 (5) 120 (3)
C31D—H31D···O52Av 0.9300 2.5857 3.325 (6) 136.8
C71D—H71D···O31Aiii 0.9792 2.5500 3.245 (5) 127.9
C81C—H81C···O2A 0.9599 2.5715 3.502 (7) 163.5
Symmetry codes: (i) x−1, y, z; (ii) x−1, y, z+1; (iii) x, y, z−1; (iv) x, y−1, z; (v) x, y+1, z.
 
Data collection: SAINT (Bruker, 1999); cell refinement: SAINT (Bruker, 1999); data reduction: SMART 
(Bruker, 2000); program(s) used to solve structure: SHELXTL (Bruker, 1997); program(s) used to refine 
structure: SHELXTL (Bruker, 1997); molecular graphics: PLATON for Windows (Spek, 1999); software used to 
prepare material for publication: PLATON for Windows (Spek, 1999).
The authors acknowledge financial support from The School of Physical and Chemical Sciences of the 
Queensland University of Technology and The University of Melbourne.
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(S)-1-phenylethylaminium 3,5-dinitrosalicylate
Graham Smith,* Urs D. Wermuth and Jonathan M. White
Comment
We have prevously reported the crystal structures of a number of proton- transfer compounds of 3,5-dinitro-
salicylic acid (DNSA) with Lewis bases (Smith et al., 1995; Smith et al., 2002; Smith, Wermuth, Bott et al., 
2002; Smith et al., 2003a, 2003b). This acid is sufficiently strong (pKa 2.2) to protonate most amines and with 
primary amines particularly, the resultant alkyl aminium cation often gives hydrogen-bonding interactions with 
up to six acceptor atoms, e.g. with methylamine (1:1) (Smith, Wermuth, Bott et al., 2002). Only in rare examples 
with very weak bases does protonation not occur, e.g. with phenazine (pKa 1.2) (Kumar et al., 2002). In addition, 
aryl substitution in the alkylamine often aids structure making with these compounds e.g. with benzylamine (1:1) 
(Smith et al., 2002), although rarely through π–π interactions. However, to date no compounds of DNSA with 
optically active bases have been reported so that the reaction with (S)-α-methylbenzylamine [S-(+)-1-phenyl-
ethylamine (PHEA)] was tried, resulting in the isolation of good crystals of the title compound S-(+)-1-phenyl-
ethylaminium 3,5-dinitrosalicylate, [(C8 H12 N)+ (C7 H3 N2 O7)-], [(PHEA)+ (DNSA)- (I). Although the structure 
determination does not confirm with any certainty the (S) absolute configuration of the two unique 1-phenyl-
ethylaminium cations on the basis of the Flack parameter [-0.3 (13)] (Flack, 1983), the configuration is assumed 
from chemical evidence.The two PHEA cation molecules (C and D) which with the two DNSA anions 
(molecules A and B) comprise the unit cell contents and the asymmetric unit in the space group P1, give the unit 
cell pseudo-centrosymmetry. However, the chiral PHEA cations possess the same (S) configuration but there are 
significant conformational differences between the pairs, as discussed later. Fig. 1 shows one of the two cation- 
anion pairs (molecules D and B). The two DNSA- anions differ conformationally with respect to the carboxylate 
and nitro substituents, the comparative torsion angles C2—C1—C7—O72, C2—C3—N3—O32 and C4—C5—
N5—O52 being [179.5(4 ), 178.7 (4)°], [160.0 (4), -168.6 (4)°], and [176.6 (4), -177.0 (4)°] respectively. 
Similarly, with the PHEA+ cations differ conformationally as indicated by the side chain torsion angle C21—C11
—C71—N71 [-89.6 (5)° (C) and -53.8 (5)° (D). These differences are probably responsible for the failure of the 
compound to crystallize in a higher symmetry space group. In addition there is significantly more thermal motion 
for the atoms of the PHEA cations than for the DNSA anions.
The protonated N in each PHEA cation is involved in a number of hydrogen-bonding interactions (Table 1), 
including one four-centred association about H74D (completing 7 in all about N41D), while about N41C there 
are only 4. These include A–C and B—D interactions between the stacks down the a-cell direction (Fig. 2) as 
well as inter-stack associations.The result is an extended three-dimensional network polymer structure (Fig. 2). 
Some π–π interactions are in evidence between the cation-anion stacks [Cg(C1A–C6A)···Cg(C1C–C6C), 
3.640 (7)Å; Cg(C1B..C6B)–Cg(C1D–C6D), 3.738 (7)Å].The previously mentioned disorder in atoms of the 
cation rings might be considered analogous to phenomena observed for a number of π–π associated compounds 
involving 2,4,6-trinitrobenzene (Herbstein & Kaftory, 1975; Smith, Wermuth & White, 2002), where the 
aromatic adduct molecule is disordered.
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The usual intramolecular hydrogen bond is found between the phenolic-O and a carboxylate group in each of 
the DNSA anions [O2···H72—O72, 2.467, 2.483 (5)Å], with the proton located on the carboxyl oxygen as is 
more often the case with DNSA proton-transfer compounds (Smith et al., 2002; 2003a; 2003b).
Experimental
The synthesis of the title compound was carried out by heating under reflux 1 mmol quantities of 3,5-dinitro-
salicylic acid (DNSA) and (S)-1-phenylethylamine [(S)-α-methylbenzylamine = PHEA] in 50 mL of 80% 
ethanol/water for 10 min. After concentration to ca. 30 mL, partial room temperature evaporation of the hot-
filtered solution gave yellow data crystals, m. pt. 447–450 K.
Refinement
Hydrogen atoms involved in hydrogen-bonding interactions [H72A, H72B, H72–H74 (C, D)], were located by 
difference methods and their positional and isotropic thermal parameters were refined. Others were included in 
the refinement at calculated positions as riding models. For refined amine hydrogen atoms: the mean N–H 
distance is 0.90 (6)Å.
(S)-1-phenylethylaminium 3,5-dinitrosalicylate
Crystal data
(C8H12N)+(C7H3N2O7)− Z = 2
Mr = 349.30 F(000) = 364
Triclinic, P1 Dx = 1.464 Mg m−3
Hall symbol: P 1 Melting point: 447–450 K
a = 7.5177 (8) Å Mo Kα radiation, λ = 0.71073 Å
b = 9.6277 (10) Å Cell parameters from 1643 reflections
c = 11.1566 (12) Å θ = 2.8–26.0°
α = 89.008 (2)° µ = 0.12 mm−1
β = 79.373 (2)° T = 293 K
γ = 87.054 (2)° Block, Yellow
V = 792.57 (15) Å3 0.25 × 0.15 × 0.10 mm
Data collection
Bruker CCD detector 
diffractometer 3039 reflections with I > 2σ(I)
Radiation source: fine-focus sealed tube Rint = 0.032
graphite θmax = 27.5°, θmin = 1.9°
Phi and omeca scans h = −7→9
5055 measured reflections k = −12→12
4151 independent reflections l = −14→14
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Refinement
Refinement on F2 Secondary atom site location: Difference Fourier map
Least-squares matrix: Full Hydrogen site location: Inferred from neighbouring sites
R[F2 > 2σ(F2)] = 0.046 H atoms treated by a mixture of independent and constrained refinement
wR(F2) = 0.111 w = 1/[σ
2(Fo2) + (0.0613P)2] 
where P = (Fo2 + 2Fc2)/3
S = 0.94 (Δ/σ)max = 0.004
4151 reflections Δρmax = 0.21 e Å−3
485 parameters Δρmin = −0.19 e Å−3
3 restraints Absolute structure: Flack (1983)
Primary atom site location: Structure-invariant direct 
methods Flack parameter: −0.3 (13)
Special details
Geometry. Bond distances, angles etc. have been calculated using the rounded fractional coordinates. All esds are estimated from the 
variances of the (full) variance-covariance matrix. The cell esds are taken into account in the estimation of distances, angles and torsion 
angles
Refinement. Refinement of F2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F2, conventional R-
factors R are based on F, with F set to zero for negative F2. The threshold expression of F2 > 2sigma(F2) is used only for calculating R-
factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F2 are statistically about twice as large as 
those based on F, and R- factors based on ALL data will be even larger.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å2)
x y z Uiso*/Ueq
N71C −0.1426 (4) 0.5007 (3) 0.8794 (3) 0.0487 (11)
C11C 0.0552 (5) 0.2845 (4) 0.8639 (4) 0.0525 (14)
C21C 0.0712 (7) 0.2214 (6) 0.9721 (5) 0.0804 (19)
C31C 0.0723 (9) 0.0765 (8) 0.9820 (8) 0.128 (4)
C41C 0.0613 (9) 0.0026 (8) 0.8827 (12) 0.140 (5)
C51C 0.0437 (8) 0.0623 (7) 0.7762 (9) 0.125 (4)
C61C 0.0411 (6) 0.2056 (5) 0.7663 (5) 0.0742 (17)
C71C 0.0498 (5) 0.4418 (4) 0.8490 (4) 0.0600 (12)
C81C 0.1640 (7) 0.5168 (6) 0.9233 (7) 0.108 (3)
N71D 0.5401 (5) 0.3704 (4) 0.3167 (3) 0.0470 (11)
C11D 0.3561 (5) 0.5905 (4) 0.3183 (4) 0.0473 (12)
C21D 0.3427 (6) 0.6270 (4) 0.4386 (4) 0.0594 (16)
C31D 0.3220 (6) 0.7657 (5) 0.4727 (5) 0.0723 (17)
C41D 0.3146 (7) 0.8685 (5) 0.3870 (6) 0.085 (2)
C51D 0.3237 (7) 0.8333 (5) 0.2683 (6) 0.083 (2)
C61D 0.3459 (6) 0.6964 (5) 0.2340 (4) 0.0652 (17)
C71D 0.3804 (5) 0.4428 (4) 0.2755 (4) 0.0567 (12)
C81D 0.2165 (6) 0.3572 (5) 0.3195 (6) 0.089 (2)
O2A 0.5815 (4) 0.3411 (3) 0.8172 (3) 0.0556 (11)
O31A 0.6445 (5) 0.3018 (3) 1.0416 (3) 0.0710 (13)
O32A 0.5507 (5) 0.1175 (3) 1.1336 (3) 0.0804 (13)
O51A 0.5315 (5) −0.2964 (3) 0.9150 (3) 0.0695 (11)
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O52A 0.4768 (5) −0.2836 (3) 0.7316 (3) 0.0793 (13)
O71A 0.4663 (4) 0.1627 (3) 0.5152 (3) 0.0724 (11)
O72A 0.5079 (5) 0.3532 (3) 0.6106 (3) 0.0705 (11)
N3A 0.5931 (4) 0.1854 (3) 1.0404 (3) 0.0499 (11)
N5A 0.5111 (5) −0.2311 (3) 0.8228 (4) 0.0571 (12)
C1A 0.5257 (5) 0.1373 (4) 0.7176 (3) 0.0439 (12)
C2A 0.5646 (5) 0.2102 (4) 0.8215 (3) 0.0427 (12)
C3A 0.5738 (5) 0.1242 (4) 0.9258 (3) 0.0415 (12)
C4A 0.5589 (5) −0.0185 (4) 0.9258 (3) 0.0439 (12)
C5A 0.5300 (5) −0.0803 (4) 0.8222 (3) 0.0450 (12)
C6A 0.5106 (5) −0.0027 (4) 0.7184 (3) 0.0461 (12)
C7A 0.4983 (6) 0.2179 (5) 0.6062 (4) 0.0561 (17)
O2B 0.8051 (4) 0.5322 (3) 0.3892 (3) 0.0543 (10)
O31B 0.7785 (4) 0.5661 (3) 0.1559 (3) 0.0706 (11)
O32B 0.8339 (6) 0.7631 (4) 0.0725 (3) 0.0883 (16)
O51B 0.8568 (5) 1.1708 (3) 0.2953 (3) 0.0733 (11)
O52B 0.8928 (5) 1.1575 (3) 0.4822 (3) 0.0744 (13)
O71B 0.8947 (4) 0.7153 (3) 0.6967 (3) 0.0653 (11)
O72B 0.8597 (5) 0.5222 (3) 0.6021 (3) 0.0692 (13)
N3B 0.8097 (4) 0.6896 (4) 0.1642 (3) 0.0535 (12)
N5B 0.8671 (5) 1.1035 (3) 0.3889 (4) 0.0548 (12)
C1B 0.8470 (5) 0.7355 (4) 0.4925 (4) 0.0455 (12)
C2B 0.8209 (5) 0.6635 (4) 0.3865 (3) 0.0425 (12)
C3B 0.8157 (5) 0.7497 (4) 0.2807 (3) 0.0444 (12)
C4B 0.8268 (5) 0.8916 (4) 0.2831 (4) 0.0474 (12)
C5B 0.8473 (5) 0.9553 (4) 0.3881 (4) 0.0454 (12)
C6B 0.8585 (5) 0.8779 (4) 0.4925 (3) 0.0462 (12)
C7B 0.8691 (6) 0.6584 (4) 0.6055 (4) 0.0496 (12)
H21C 0.081400 0.274600 1.039000 0.0960*
H31C 0.080400 0.032100 1.055700 0.1530*
H41C 0.066200 −0.094000 0.888300 0.1680*
H51C 0.033300 0.008200 0.709800 0.1500*
H61C 0.029700 0.248400 0.692600 0.0890*
H71C 0.095300 0.462700 0.762900 0.0720*
H72C −0.200 (10) 0.426 (7) 0.852 (6) 0.16 (2)*
H73C −0.142 (4) 0.575 (3) 0.839 (3) 0.032 (8)*
H74C −0.164 (5) 0.518 (4) 0.958 (4) 0.067 (12)*
H81C 0.288800 0.486000 0.899300 0.1620*
H82C 0.124300 0.496800 1.008300 0.1620*
H83C 0.151400 0.615200 0.909400 0.1620*
H21D 0.347500 0.558000 0.497500 0.0710*
H31D 0.313000 0.789100 0.554200 0.0860*
H41D 0.303500 0.961400 0.409700 0.1010*
H51D 0.314800 0.902500 0.210100 0.0990*
H61D 0.354300 0.674200 0.152200 0.0780*
H71D 0.403400 0.443900 0.186200 0.0670*
H72D 0.535 (10) 0.331 (7) 0.397 (7) 0.13 (3)*
H73D 0.622 (4) 0.430 (3) 0.329 (3) 0.029 (7)*
H74D 0.582 (5) 0.303 (4) 0.269 (4) 0.065 (12)*
H81D 0.192600 0.353700 0.407000 0.1330*
H82D 0.240200 0.264600 0.288100 0.1330*
H83D 0.113100 0.399200 0.291200 0.1330*
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H4A 0.568500 −0.071400 0.995100 0.0530*
H6A 0.487300 −0.046800 0.649800 0.0560*
H72A 0.552 (7) 0.383 (5) 0.679 (5) 0.110 (17)*
H4B 0.820400 0.944400 0.213300 0.0570*
H6B 0.873700 0.922300 0.563000 0.0550*
H72B 0.842 (5) 0.502 (4) 0.534 (4) 0.048 (11)*
Atomic displacement parameters (Å2)
U11 U22 U33 U12 U13 U23
N71C 0.060 (2) 0.0378 (18) 0.046 (2) 0.0027 (15) −0.0056 (15) 0.0079 (15)
C11C 0.045 (2) 0.048 (2) 0.062 (3) −0.0016 (17) −0.0035 (18) 0.0016 (19)
C21C 0.072 (3) 0.093 (4) 0.071 (3) 0.006 (2) −0.004 (2) 0.019 (3)
C31C 0.082 (4) 0.118 (6) 0.160 (8) 0.024 (4) 0.024 (4) 0.079 (5)
C41C 0.057 (4) 0.065 (4) 0.275 (14) 0.007 (3) 0.025 (6) 0.038 (6)
C51C 0.063 (4) 0.089 (5) 0.221 (10) −0.002 (3) −0.014 (5) −0.071 (5)
C61C 0.064 (3) 0.074 (3) 0.088 (3) 0.010 (2) −0.024 (2) −0.028 (3)
C71C 0.054 (2) 0.051 (2) 0.067 (2) 0.0009 (16) 0.0082 (18) 0.0059 (18)
C81C 0.053 (3) 0.076 (3) 0.200 (7) −0.007 (2) −0.029 (4) −0.037 (4)
N71D 0.049 (2) 0.0425 (18) 0.051 (2) −0.0011 (15) −0.0127 (15) −0.0043 (16)
C11D 0.042 (2) 0.051 (2) 0.049 (2) 0.0036 (15) −0.0103 (16) 0.0016 (16)
C21D 0.065 (3) 0.054 (2) 0.061 (3) 0.0064 (18) −0.0188 (19) 0.0010 (19)
C31D 0.065 (3) 0.082 (3) 0.075 (3) 0.009 (2) −0.027 (2) −0.026 (2)
C41D 0.061 (3) 0.056 (3) 0.141 (5) 0.003 (2) −0.029 (3) −0.018 (3)
C51D 0.069 (3) 0.066 (3) 0.107 (5) 0.003 (2) −0.005 (3) 0.029 (3)
C61D 0.062 (3) 0.068 (3) 0.064 (3) 0.006 (2) −0.011 (2) 0.015 (2)
C71D 0.058 (2) 0.056 (2) 0.057 (2) 0.0051 (17) −0.0151 (18) −0.0045 (18)
C81D 0.057 (3) 0.059 (3) 0.152 (5) −0.007 (2) −0.018 (3) −0.012 (3)
O2A 0.070 (2) 0.0428 (17) 0.0586 (18) −0.0074 (13) −0.0228 (14) 0.0055 (13)
O31A 0.105 (3) 0.0546 (19) 0.0528 (18) −0.0236 (17) −0.0071 (16) −0.0070 (14)
O32A 0.131 (3) 0.067 (2) 0.0441 (18) −0.0190 (19) −0.0154 (18) 0.0074 (15)
O51A 0.095 (2) 0.0452 (17) 0.070 (2) −0.0046 (16) −0.0211 (17) 0.0150 (16)
O52A 0.115 (3) 0.0530 (18) 0.077 (2) −0.0199 (17) −0.032 (2) −0.0034 (17)
O71A 0.094 (2) 0.076 (2) 0.0519 (19) −0.0185 (17) −0.0231 (16) 0.0131 (16)
O72A 0.097 (2) 0.0527 (19) 0.068 (2) −0.0100 (16) −0.0321 (17) 0.0234 (16)
N3A 0.058 (2) 0.051 (2) 0.0403 (19) −0.0003 (16) −0.0091 (15) 0.0008 (16)
N5A 0.064 (2) 0.042 (2) 0.066 (2) −0.0078 (16) −0.0122 (19) 0.0011 (19)
C1A 0.042 (2) 0.050 (2) 0.039 (2) −0.0023 (16) −0.0066 (16) 0.0093 (17)
C2A 0.037 (2) 0.041 (2) 0.050 (2) 0.0002 (16) −0.0086 (16) 0.0023 (18)
C3A 0.042 (2) 0.042 (2) 0.040 (2) 0.0048 (16) −0.0080 (16) 0.0022 (17)
C4A 0.044 (2) 0.040 (2) 0.045 (2) 0.0021 (16) −0.0030 (16) 0.0097 (17)
C5A 0.046 (2) 0.037 (2) 0.050 (2) 0.0002 (15) −0.0046 (16) 0.0014 (17)
C6A 0.048 (2) 0.043 (2) 0.047 (2) −0.0055 (16) −0.0068 (17) −0.0003 (18)
C7A 0.057 (3) 0.061 (3) 0.050 (3) −0.0056 (19) −0.0094 (19) 0.012 (2)
O2B 0.0675 (19) 0.0346 (15) 0.0616 (18) −0.0004 (12) −0.0148 (14) 0.0055 (13)
O31B 0.105 (2) 0.0529 (19) 0.0525 (18) −0.0200 (16) −0.0057 (16) −0.0059 (14)
O32B 0.155 (4) 0.065 (2) 0.0501 (19) −0.022 (2) −0.029 (2) 0.0118 (17)
O51B 0.093 (2) 0.0445 (17) 0.086 (2) −0.0031 (15) −0.0276 (18) 0.0157 (17)
O52B 0.096 (3) 0.0522 (18) 0.077 (2) −0.0112 (16) −0.0179 (19) −0.0092 (17)
O71B 0.087 (2) 0.0634 (18) 0.0483 (17) −0.0128 (15) −0.0176 (15) 0.0068 (14)
O72B 0.108 (3) 0.0514 (19) 0.0532 (19) −0.0146 (16) −0.0261 (18) 0.0079 (15)
supplementary materials
sup-6publCIF
N3B 0.056 (2) 0.052 (2) 0.051 (2) −0.0057 (16) −0.0056 (16) 0.0031 (17)
N5B 0.058 (2) 0.044 (2) 0.062 (2) 0.0003 (15) −0.0111 (18) 0.0020 (18)
C1B 0.042 (2) 0.044 (2) 0.049 (2) −0.0045 (17) −0.0038 (17) 0.0006 (17)
C2B 0.040 (2) 0.041 (2) 0.044 (2) 0.0029 (16) −0.0033 (16) 0.0050 (18)
C3B 0.046 (2) 0.043 (2) 0.043 (2) −0.0034 (17) −0.0049 (17) −0.0022 (18)
C4B 0.043 (2) 0.050 (2) 0.050 (2) −0.0027 (17) −0.0115 (17) 0.0091 (19)
C5B 0.041 (2) 0.040 (2) 0.054 (2) −0.0010 (15) −0.0061 (17) 0.0014 (18)
C6B 0.050 (2) 0.048 (2) 0.040 (2) −0.0038 (17) −0.0061 (17) −0.0031 (18)
C7B 0.058 (2) 0.047 (2) 0.045 (2) −0.0098 (18) −0.0114 (18) 0.0065 (18)
Geometric parameters (Å, º)
O2A—C2A 1.272 (5) C61C—H61C 0.9294
O31A—N3A 1.205 (4) C71C—H71C 0.9795
O32A—N3A 1.219 (5) C81C—H83C 0.9600
O51A—N5A 1.226 (5) C81C—H82C 0.9595
O52A—N5A 1.219 (5) C81C—H81C 0.9599
O71A—C7A 1.222 (6) C11D—C71D 1.499 (6)
O72A—C7A 1.311 (6) C11D—C21D 1.378 (6)
O72A—H72A 0.94 (5) C11D—C61D 1.384 (6)
O2B—C2B 1.275 (5) C21D—C31D 1.388 (6)
O31B—N3B 1.232 (5) C31D—C41D 1.370 (8)
O32B—N3B 1.225 (5) C41D—C51D 1.361 (9)
O51B—N5B 1.232 (5) C51D—C61D 1.372 (7)
O52B—N5B 1.222 (5) C71D—C81D 1.518 (6)
O71B—C7B 1.214 (5) C21D—H21D 0.9304
O72B—C7B 1.318 (5) C31D—H31D 0.9300
O72B—H72B 0.82 (4) C41D—H41D 0.9292
N71C—C71C 1.507 (5) C51D—H51D 0.9308
N71C—H74C 0.88 (4) C61D—H61D 0.9309
N71C—H73C 0.84 (3) C71D—H71D 0.9792
N71C—H72C 0.94 (7) C81D—H83D 0.9598
N71D—C71D 1.498 (5) C81D—H82D 0.9596
N71D—H73D 0.89 (3) C81D—H81D 0.9598
N71D—H74D 0.86 (4) C1A—C2A 1.448 (5)
N71D—H72D 0.96 (8) C1A—C6A 1.358 (5)
N3A—C3A 1.451 (5) C1A—C7A 1.495 (6)
N5A—C5A 1.466 (5) C2A—C3A 1.426 (5)
N3B—C3B 1.441 (5) C3A—C4A 1.384 (5)
N5B—C5B 1.443 (5) C4A—C5A 1.366 (5)
C11C—C71C 1.520 (5) C5A—C6A 1.393 (5)
C11C—C61C 1.361 (7) C4A—H4A 0.9303
C11C—C21C 1.364 (7) C6A—H6A 0.9301
C21C—C31C 1.397 (10) C1B—C6B 1.378 (5)
C31C—C41C 1.344 (14) C1B—C7B 1.483 (6)
C41C—C51C 1.336 (15) C1B—C2B 1.430 (5)
C51C—C61C 1.382 (8) C2B—C3B 1.436 (5)
C71C—C81C 1.514 (7) C3B—C4B 1.374 (5)
C21C—H21C 0.9293 C4B—C5B 1.369 (6)
C31C—H31C 0.9307 C5B—C6B 1.385 (5)
C41C—H41C 0.9303 C4B—H4B 0.9299
supplementary materials
sup-7publCIF
C51C—H51C 0.9301 C6B—H6B 0.9296
C7A—O72A—H72A 113 (3) C11D—C71D—C81D 113.7 (4)
C7B—O72B—H72B 108 (3) N71D—C71D—C81D 107.8 (3)
H73C—N71C—H74C 111 (3) N71D—C71D—C11D 110.9 (3)
C71C—N71C—H74C 106 (3) C11D—C21D—H21D 119.66
C71C—N71C—H72C 98 (4) C31D—C21D—H21D 119.73
C71C—N71C—H73C 104 (2) C41D—C31D—H31D 119.74
H72C—N71C—H74C 118 (5) C21D—C31D—H31D 119.85
H72C—N71C—H73C 117 (5) C31D—C41D—H41D 120.31
C71D—N71D—H74D 110 (3) C51D—C41D—H41D 120.29
C71D—N71D—H73D 112 (2) C41D—C51D—H51D 119.80
C71D—N71D—H72D 123 (5) C61D—C51D—H51D 119.84
H72D—N71D—H73D 92 (5) C51D—C61D—H61D 119.30
H72D—N71D—H74D 104 (5) C11D—C61D—H61D 119.22
H73D—N71D—H74D 115 (3) C11D—C71D—H71D 108.07
O32A—N3A—C3A 118.1 (3) C81D—C71D—H71D 108.12
O31A—N3A—O32A 122.1 (3) N71D—C71D—H71D 108.15
O31A—N3A—C3A 119.8 (3) H81D—C81D—H83D 109.47
O51A—N5A—C5A 117.8 (4) C71D—C81D—H82D 109.46
O52A—N5A—C5A 118.0 (3) C71D—C81D—H83D 109.49
O51A—N5A—O52A 124.2 (3) C71D—C81D—H81D 109.47
O32B—N3B—C3B 119.3 (4) H82D—C81D—H83D 109.46
O31B—N3B—C3B 121.0 (3) H81D—C81D—H82D 109.49
O31B—N3B—O32B 119.7 (4) C2A—C1A—C7A 119.4 (3)
O52B—N5B—C5B 118.9 (4) C6A—C1A—C7A 118.5 (3)
O51B—N5B—O52B 122.6 (3) C2A—C1A—C6A 122.1 (3)
O51B—N5B—C5B 118.5 (4) C1A—C2A—C3A 114.4 (3)
C21C—C11C—C71C 121.8 (4) O2A—C2A—C3A 124.9 (3)
C21C—C11C—C61C 119.7 (4) O2A—C2A—C1A 120.6 (3)
C61C—C11C—C71C 118.5 (4) N3A—C3A—C2A 120.4 (3)
C11C—C21C—C31C 119.8 (6) C2A—C3A—C4A 123.1 (3)
C21C—C31C—C41C 118.5 (8) N3A—C3A—C4A 116.5 (3)
C31C—C41C—C51C 122.7 (7) C3A—C4A—C5A 118.8 (3)
C41C—C51C—C61C 119.0 (8) C4A—C5A—C6A 121.6 (4)
C11C—C61C—C51C 120.4 (6) N5A—C5A—C6A 119.5 (3)
N71C—C71C—C11C 110.4 (3) N5A—C5A—C4A 118.9 (3)
N71C—C71C—C81C 108.8 (4) C1A—C6A—C5A 119.9 (3)
C11C—C71C—C81C 115.0 (4) O71A—C7A—C1A 122.7 (4)
C31C—C21C—H21C 120.09 O72A—C7A—C1A 116.6 (4)
C11C—C21C—H21C 120.12 O71A—C7A—O72A 120.7 (4)
C21C—C31C—H31C 120.75 C3A—C4A—H4A 120.58
C41C—C31C—H31C 120.72 C5A—C4A—H4A 120.59
C31C—C41C—H41C 118.70 C5A—C6A—H6A 119.99
C51C—C41C—H41C 118.65 C1A—C6A—H6A 120.10
C61C—C51C—H51C 120.53 C2B—C1B—C6B 121.5 (4)
C41C—C51C—H51C 120.50 C2B—C1B—C7B 120.9 (3)
C51C—C61C—H61C 119.83 C6B—C1B—C7B 117.5 (4)
C11C—C61C—H61C 119.80 O2B—C2B—C3B 124.2 (3)
C81C—C71C—H71C 107.45 C1B—C2B—C3B 115.0 (3)
C11C—C71C—H71C 107.50 O2B—C2B—C1B 120.7 (3)
N71C—C71C—H71C 107.43 N3B—C3B—C2B 121.0 (3)
supplementary materials
sup-8publCIF
C71C—C81C—H82C 109.50 C2B—C3B—C4B 122.3 (3)
H81C—C81C—H82C 109.45 N3B—C3B—C4B 116.6 (3)
H81C—C81C—H83C 109.45 C3B—C4B—C5B 120.1 (4)
C71C—C81C—H81C 109.48 N5B—C5B—C6B 119.3 (4)
H82C—C81C—H83C 109.45 C4B—C5B—C6B 120.6 (4)
C71C—C81C—H83C 109.50 N5B—C5B—C4B 120.0 (4)
C21D—C11D—C71D 123.2 (4) C1B—C6B—C5B 120.4 (3)
C61D—C11D—C71D 119.1 (4) O71B—C7B—C1B 123.0 (4)
C21D—C11D—C61D 117.7 (4) O72B—C7B—C1B 116.1 (4)
C11D—C21D—C31D 120.6 (4) O71B—C7B—O72B 121.0 (4)
C21D—C31D—C41D 120.4 (5) C3B—C4B—H4B 119.96
C31D—C41D—C51D 119.4 (5) C5B—C4B—H4B 119.97
C41D—C51D—C61D 120.4 (5) C1B—C6B—H6B 119.82
C11D—C61D—C51D 121.5 (5) C5B—C6B—H6B 119.80
O31A—N3A—C3A—C2A −17.8 (5) C6A—C1A—C2A—O2A 178.6 (4)
O32A—N3A—C3A—C4A −17.9 (5) C7A—C1A—C2A—C3A 175.3 (4)
O31A—N3A—C3A—C4A 164.4 (4) C6A—C1A—C2A—C3A −3.8 (5)
O32A—N3A—C3A—C2A 160.0 (4) C2A—C1A—C7A—O72A −1.3 (6)
O51A—N5A—C5A—C6A 179.0 (4) C2A—C1A—C6A—C5A 1.0 (6)
O51A—N5A—C5A—C4A −3.7 (6) C2A—C1A—C7A—O71A 179.5 (4)
O52A—N5A—C5A—C6A −0.7 (6) C6A—C1A—C7A—O72A 177.7 (4)
O52A—N5A—C5A—C4A 176.6 (4) C7A—C1A—C2A—O2A −2.3 (6)
O32B—N3B—C3B—C2B −168.6 (4) C6A—C1A—C7A—O71A −1.4 (6)
O31B—N3B—C3B—C2B 12.2 (5) C7A—C1A—C6A—C5A −178.1 (4)
O32B—N3B—C3B—C4B 7.7 (5) C1A—C2A—C3A—C4A 4.1 (5)
O31B—N3B—C3B—C4B −171.4 (3) O2A—C2A—C3A—N3A 3.9 (6)
O51B—N5B—C5B—C4B 3.2 (6) C1A—C2A—C3A—N3A −173.6 (3)
O52B—N5B—C5B—C6B −0.2 (6) O2A—C2A—C3A—C4A −178.4 (4)
O52B—N5B—C5B—C4B −177.0 (4) N3A—C3A—C4A—C5A 176.3 (3)
O51B—N5B—C5B—C6B 180.0 (6) C2A—C3A—C4A—C5A −1.5 (6)
C21C—C11C—C71C—N71C −89.6 (5) C3A—C4A—C5A—C6A −1.7 (6)
C21C—C11C—C71C—C81C 33.9 (6) C3A—C4A—C5A—N5A −179.0 (3)
C61C—C11C—C21C—C31C −0.2 (8) C4A—C5A—C6A—C1A 2.0 (6)
C61C—C11C—C71C—N71C 89.5 (5) N5A—C5A—C6A—C1A 179.2 (4)
C71C—C11C—C21C—C31C 178.9 (5) C2B—C1B—C6B—C5B −0.9 (6)
C21C—C11C—C61C—C51C −0.3 (7) C7B—C1B—C2B—C3B −175.3 (4)
C71C—C11C—C61C—C51C −179.4 (5) C6B—C1B—C2B—O2B −177.9 (4)
C61C—C11C—C71C—C81C −147.0 (5) C6B—C1B—C2B—C3B 2.5 (5)
C11C—C21C—C31C—C41C 1.4 (9) C7B—C1B—C2B—O2B 4.3 (6)
C21C—C31C—C41C—C51C −2.1 (11) C7B—C1B—C6B—C5B 177.1 (4)
C31C—C41C—C51C—C61C 1.6 (11) C2B—C1B—C7B—O72B −1.2 (6)
C41C—C51C—C61C—C11C −0.4 (9) C6B—C1B—C7B—O71B 0.7 (6)
C21D—C11D—C71D—N71D −53.8 (5) C6B—C1B—C7B—O72B −179.2 (4)
C71D—C11D—C21D—C31D 179.4 (4) C2B—C1B—C7B—O71B 178.7 (4)
C21D—C11D—C61D—C51D 0.2 (7) C1B—C2B—C3B—C4B −2.8 (5)
C71D—C11D—C61D—C51D 180.0 (16) O2B—C2B—C3B—C4B 177.6 (4)
C61D—C11D—C21D—C31D −0.8 (6) C1B—C2B—C3B—N3B 173.3 (3)
C61D—C11D—C71D—N71D 126.4 (4) O2B—C2B—C3B—N3B −6.3 (6)
C21D—C11D—C71D—C81D 67.8 (5) C2B—C3B—C4B—C5B 1.4 (6)
C61D—C11D—C71D—C81D −112.0 (5) N3B—C3B—C4B—C5B −174.9 (3)
C11D—C21D—C31D—C41D 0.0 (7) C3B—C4B—C5B—N5B 177.2 (4)
supplementary materials
sup-9publCIF
C21D—C31D—C41D—C51D 1.4 (8) C3B—C4B—C5B—C6B 0.5 (6)
C31D—C41D—C51D—C61D −2.1 (8) N5B—C5B—C6B—C1B −177.5 (4)
C41D—C51D—C61D—C11D 1.3 (8) C4B—C5B—C6B—C1B −0.8 (6)
Hydrogen-bond geometry (Å, º)
D—H···A D—H H···A D···A D—H···A
O72A—H72A···O2A 0.94 (5) 1.64 (5) 2.467 (5) 145 (5)
O72B—H72B···O2B 0.82 (4) 1.71 (4) 2.483 (5) 157 (4)
N71C—H72C···O2Ai 0.94 (7) 1.98 (7) 2.835 (4) 151 (6)
N71C—H72C···O31Ai 0.94 (7) 2.53 (7) 2.938 (4) 106 (5)
N71D—H72D···O71A 0.96 (8) 2.10 (7) 2.953 (5) 148 (6)
N71D—H72D···O72A 0.96 (8) 2.37 (8) 3.245 (5) 152 (6)
N71C—H73C···O71Bi 0.84 (3) 2.06 (3) 2.864 (4) 162 (3)
N71D—H73D···O2B 0.89 (3) 1.95 (3) 2.830 (5) 166 (3)
N71D—H73D···O31B 0.89 (3) 2.46 (3) 3.004 (5) 119 (3)
N71C—H74C···O31Bii 0.88 (4) 2.22 (4) 3.101 (5) 179 (4)
N71D—H74D···O31Aiii 0.86 (4) 2.49 (4) 3.098 (5) 128 (3)
N71D—H74D···O32Aiii 0.86 (4) 2.41 (4) 3.194 (5) 153 (3)
N71D—H74D···O51Biv 0.86 (4) 2.43 (4) 2.959 (5) 120 (3)
C31D—H31D···O52Av 0.9300 2.5857 3.325 (6) 136.8
C71D—H71D···O31Aiii 0.9792 2.5500 3.245 (5) 127.9
C81C—H81C···O2A 0.9599 2.5715 3.502 (7) 163.5
Symmetry codes: (i) x−1, y, z; (ii) x−1, y, z+1; (iii) x, y, z−1; (iv) x, y−1, z; (v) x, y+1, z.
Figure 1
Fig. 1. Molecular configuration and atom naming scheme for one the PHEA cation-DNSA anion pairs (molecules 
D and B) in (I). Atoms are shown as 30% probability ellipsoids
Figure 2
Fig. 2. Perspective view of the packing in the unit cell viewed down a, showing hydrogen-bonding associations 
as broken lines.
